The low-carbon economy of the future needs low consumption of fossil and high quality renewable based fuels. This requires high efficiencies, good part-load performance and fuel flexibility. A very promising concept to achieve that is the combination of solid oxide fuel cells (SOFC) with a gas turbine (GT) in a pressurized hybrid power plant. However, experimental data for such SOFC/GT systems are rare. Thus, the DLR built a test rig to analyse such a system with 30 kW electrical output. A 30 kW SOFC module is used under pressurized conditions with components that emulate the GT. Commercially available stacks and state of the art peripheral components are installed. These include e.g. a hot anode off-gas recirculation blower, a steam reformer and recuperator. The system was put into operation and is used to experimentally analyse its operational behaviour. This publication will give insights about the current status of the experimental work. It will outline the basic SOFC/GT process, the implementation within the installed SOFC system and the degrees of freedom in comparison to a coupled system. Experimental results are shown and the impact of main parameters is analysed.
Introduction
The targeted low-carbon economy of the future requires a low consumption of fossil and high value renewable based fuels to keep down increasing operational costs. For that, high efficiencies, good part load performance and a high fuel flexibility is required. A very promising concept to achieve that is the combination of solid oxide fuel cells (SOFC) with a gas turbine (GT) in a pressurized hybrid power plant [1] . Such a system was recently demonstrated by Mitsubishi-Hitachi Power Systems (MHPS) with an electrical power output of 250 kW that runs on natural gas [2] . It is currently being tested in field trials in Japan, two systems are commercially sold [3, 4] and a scale-up to 1 MW is in progress [5] . In addition LG Electronics (LG) built a 250 kW demonstrator [6] and operated it for about 2000 hours [7] .
However, experimental data for such SOFC/GT systems are rare and therefore the German Aerospace Center (DLR) is planning to build demonstrator with 30 kW electrical output and an estimated efficiency of about 66 %-LHV [8] . The main goal is to prove the underlying concept, to analyze its strength and weaknesses and to gather data for its use in e.g. modular power generation. Detailed heat loss simulations show an efficiency of 60 to 64 %-LHV [9] .
Method and basic system
In comparison to the systems of MHPS and LG planar cells are used. In a first step, two separate test rigs were built. The first one uses a real GT and components that emulate the SOFC (Institute of Combustion Technology). The second one, object of the presented study, uses a 30 kW SOFC module under pressurized conditions with components that emulate the GT (Institute of Engineering Thermodynamics). This pressurized solid oxide fuel cell system (pSOFC) uses commercially available planar stacks with electrolyte supported cells (ESC) and state of the art balance of plant (BOP) components. It includes a hot anode off-gas recirculation blower, a steam reformer and recuperator. Both systems were put into operation and are now being used to experimentally analyze their operational behavior. In a second step the SOFC and GT shall be combined.
A short overview of the basic SOFC/GT system is shown in Fig. 1 . Air is compressed via the compressor (COMP) of the GT, exhaust heat recuperated in a heat exchanger (RECU) and used in the SOFC cathode for oxidation and cooling purposes. In parallel the fuel is desulfurized (DESUL), mixed with recirculated anode off-gas and supplied to the anode of the SOFC after passing a catalytic steam reformer (REF). The recirculate delivers the needed amount of steam. After electrochemical oxidation and generation of electricity in the SOFC a part of the anode off-gas is recirculated via a highly flexible hot gas recirculation blower (REC) into the inlet of the reformer. The remaining fuel is burned (BURN) with the cathode exhaust air. A part of the energy is afterwards used via the turbine to run the compressor and generates additional electricity. Exhaust heat is used via the previously described recuperator.
Experimental Setup
The pSOFC is shown in Fig. 2 . Here, the compressor is simulated via the use of pressurized air from the infrastructure and an electrical heater (COMP SIM). The latter one is used to simulate the increase of temperature by the compression of the real GT. Besides this, the temperature and the gas flow within the pressure vessel can be varied to analyze their influence on heat losses of the system and its performance. The cathode air is directly preheated in a heat exchanger (RECU SIM) that simulates the recuperator. The heat is generated by a standard natural gas burner (BURN). Its temperature can be varied to investigate the effects of heat losses, changing turbine exhaust temperatures or thermal gradients. In addition to that, pressurized air is used to cool the wires, power cables and current collectors in the sensors compartment below the SOFC. The fuel can be mixed from natural gas, hydrogen, nitrogen and carbon dioxide. The pressure is controlled via a valve at the outlet of the pressure vessel and a second one at the outlet of the sensors compartment. Remaining fuel is oxidized in an oxidation catalyst (OXI CAT) before the exhaust exits to the ambient. 
Results and Outlook
First experimental results show that about 45 % of the chemical energy (LHV) of hydrogen is transformed to electricity at an overall fuel utilization of 70 % and a power output of 15 to 20 kW el . With a fuel mixture of 50 % chemical energy from natural gas and the rest from hydrogen the efficiency is in the same range. These results show already an acceptable efficiency without optimizing for it. In the next steps, higher fuel utilizations, an optimized temperature maximizing strategy and higher power outputs are planned.
An important effect within the system is the heat loss. E.g. the heat loss via the sensors compartment is in the range of 1,6 kW depending on the operating temperature of the SOFC. The heat lost via the externally cooled hot air recirculation blower is in the range of 2,5 kW. Hence, optimizing strategies such as higher allowed sensor compartment temperatures and a reduction of the heat transfer within the recirculation blower could increase the efficiency of the system. Especially the heat within the recirculated anode offgas is needed to run the endothermic steam reforming reaction in the reformer. Lower heat losses would therefore lead to lower recirculation ratios which are primarily needed to achieve high anode inlet temperatures. Consequently the power needed to run the recirculation blower could be decreased and the overall efficiency could be increased. 
